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INTRODUCTION
Focal nodular hyperplasia (FNH) is a benign tumour-like lesion consisting of hyperplastic parenchymal nodules with abnormal vessels associated with a central stellate-shaped scar. [1] Most of them occur in women of reproductive age but cases have been described in men and children also. FNH accounts for less than 2% of paediatric hepatic tumours and 0.02% of all tumours. [2] [3] [4] Although there are case reports on congenital FNH, diagnosed on antenatal USG, [5] [6] [7] it is an unusual liver tumour in children younger than 2 years of age. [5] We present two cases of paediatric FNH-the first case being reported in a 5 month old infant. Initially, the second case posed diagnostic difficulty, but was correctly diagnosed after histopathological examination of the resected mass, highlighting the fact that it is difficult to establish the diagnosis of FNH in small tissue samples such as liver biopsy.
CASE REPORTS

Case 1
A 5-month-old male infant presented with diarrhea of two weeks duration. His perinatal history was unremarkable and he had been delivered by elective caesarian section at term gestation. His routine investigations were within normal limits but an ultrasonogram (USG) of the abdomen revealed a solid inhomogeneous mass in the left lobe of liver. On magnetic resonance imaging (MRI), the mass appeared to be mildly hypointense on T1 weighted sequence (T1W) and isointense on T2 weighted sequence (T2W), with homogeneous contrast uptake on the arterial phase [ Figure 1a ]. Serum alpha-fetoprotein (AFP) level was normal. The possibility of hepatoblastoma appeared less likely and hence no preoperative n e o a d j u v a n t c h e m o t h e r a p y w a s administered. The mass was surgically excised and sent for histopathological examination. Grossly the mass measured 9 cm in greatest dimension and appeared to be subdivided into smaller nodules by bands of connective tissue [ Figure 1b ]. Microscopic examination revealed bands of arborizing fibrous connective tissue septa subdividing the liver parenchyma into nodules of varying sizes [ Figure 1c ]. The nodules were composed of bland hepatocytes. The fibrous septa contained several thick walled vessels of arteriolar calibre, some with eccentric subintimal thickening. The fibrous septa appeared to originate from a central scar like area [ Figure 1d and e]. Immunohistochemistry for glutamine synthetase showed characteristic map-like areas with perivenular distribution, thus confirming the diagnosis of FNH [ Figure 1f ]. The last prenatal USG of the mother done at 37 weeks gestation was reviewed, which did not show any mass lesion in the liver of the fetus, thus excluding the possibility of congenital FNH. The child has been followed up for 2 years now and is doing well till date.
Case 2
A 6 year old male child presented in the outpatient department of Pediatric Surgery for evaluation of an abdominal swelling of one year duration. He had undergone a battery of investigations at a different institute including USG which revealed a space occupying lesion (SOL) in right lobe of liver measuring 4.5 cm × 3.2 cm. Serum AFP level was normal. A trucut biopsy had been performed from the SOL around three months back which suggested the possibility of hepatoblastoma, on the basis of which he had received two cycles of neoadjuvant chemotherapy with vincristine and doxorubicin. As there was no response to therapy, he had been referred to our institute where he had been re-evaluated. On physical examination, the child was anicteric but had pallor. Complete hemogram revealed a haemoglobin level of 7 gm% and total leucocyte count of 2500 per cumm. Per-abdominal examination revealed a huge, right upper quadrant lump extending from right subcostal region upto the umbilicus, crossing the midline. A repeat serum AFP was done which was again within normal limits. A contrast enhanced CT (CECT) scan was performed which showed a large mixed density mass in the right lobe of liver with presence of a focal hypodense area in the centre of the lesion. The mass showed homogeneous contrast enhancement while the hypodense area was non-enhancing [ Figure 2a ]. The slide or block of the trucut biopsy done previously was not available for review. As such, the child was prepared for surgery and the resected specimen was sent for histopathological examination.
Grossly the mass measured 12.5 cm across and weighed around 1100 grams. On slicing, the mass was composed of several tan coloured nodules of varying sizes, bulging from the cut surface, with a central arborizing, depressed scar [ Figure 2b ]. There were no areas of hemorrhage but an ill-defined area of softening was noted at one place. Microscopy showed nodules of varying sizes composed of normal, uniform looking hepatocytes separated by fibrous bands, along with attenuated endothelial cells and Kupffer cells. Portal tracts and central veins were practically absent within the mass. No atypia, pleomorphism, mitotic figures or pericellular fibrosis were noted. Evidence of polymorph infiltration was noted focally. Sections from the 'scar' showed presence of proliferating bile ductules and large thick walled arterioles [ Figure 2c ]. The ill-defined area of softening showed areas of necrosis [ Figure 2d] . A beta-catenin immunostain was done which showed negative nuclear immunoreactivity. Immunohistochemistry for glutamine synthetase was also done showed characteristic map like areas with perivenular positivity [ Figure 2d , inset]. Based on these features, the diagnosis of FNH was made with a suggestion that the foci of necrosis were possibly due to the effect of chemotherapy.
A post-operative MRI of the child was done to exclude any post-operative collection in the abdomen, to check the viability of the residual liver tissue and to rule out any untoward vascular complications of the surgery. His post-operative scans were within normal limits. The patient has been doing well on a 4 years follow-up.
DISCUSSION
FNH was first detected and described by Edmondson in 1958. [8, 9] It is the second most common liver cell-derived benign tumor and its incidence is just lower than that of hepatic haemangiomas. [10] It rarely occurs in childhood and very rarely in children younger than 2 years, accounting for 0.02% of all tumors and less than 2% of hepatic tumors in pediatric age group. [2, 11] Although congenital FNH have been described in a few case reports, [5] [6] [7] its occurrence at 5 months of age, as in our first case, is extremely rare. Our second case highlights the diagnostic difficulty which may be encountered on USG and trucut biopsy in differentiation of FNH from other lesions. This may often lead to administration of unwarranted chemotherapy as seen in our case. While diagnosis of FNH on surgical specimens is made outrightly as seen in our first case, its diagnosis on core needle biopsy can be extremely challenging.
Primary liver neoplasms comprise 0.3-2% of all pediatric tumors with up to 75% of pediatric liver tumors being malignant. Hepatoblastoma (HB) is the most common hepatic malignancy in children, accounting for 91% of cases and primarily affecting patients who are younger than 5 years of age. The other rare pediatric liver tumors are infantile hemangioendothelioma, mesenchymal hamartomas (MH), undifferentiated embryonal sarcoma and fibrolamellar variant of hepatocellular carcinoma (FL-HCC). [12] FNH most commonly presents as an incidentally discovered liver nodule on physical examination or during routine check-ups with normal liver enzymes. [8, 9] It is usually solitary, but 15-20% of cases may be multifocal. [13] Asymptomatic cases of FNH are usually followed up closely but symptomatic patients may require surgical intervention. Till date, only one patient with FNH had recurrence after operation. [4] Pre-operative AFP levels are a part of any routine investigations in a case of liver SOL in a child. High levels of AFP are a strong pointer in favour of HB. AFP levels in FNH are usually normal [4] though there have been instances where FNH is associated with markedly high AFP. [14, 15] A small percentage of HBs, especially the small cell variants, can be associated with a low AFP level. MH may show a mild increase in the levels of AFP. [16] It is important to differentiate FNH from the HB-fetal type, hepatocellular adenoma (HCA), well differentiated hepatocellular carcinoma (HCC) and macroregenerative nodules (MRN) on a core needle biopsy (CNB). Typical FNH often resembles biliary type cirrhosis. Atypical forms of FNH are difficult to differentiate from HCA and the presence of central stellate scar may be confused with FL-HCC and congenital hepatic fibrosis. [17] In some institutions, neoadjuvant chemotherapy is given to HB patients on the basis of clinical presentation, elevated serum AFP levels and radiological findings. Nevertheless, a trucut biopsy or Fine Needle Aspiration (FNA) is often advised in all suspected HB patients for accurate diagnosis. Considering other hepatic tumours in children, MH which is a benign tumour can have mildly elevated serum AFP levels and extensive calcification. Moreover, radiological distinction from HB with extensive osteoid elements and mesenchymal component can be difficult. Although infrequent, HCCs can occur in patients younger than 3 years of age and usually have a worse prognosis than HB. Thus, to prevent the administration of unwarranted neoadjuvant chemotherapy to children suffering from a liver SOL, a tissue diagnosis either by a CNB or FNA is routinely performed in our institution. [18, 19] Diagnosis of FNH can be difficult in CNBs, especially for pathologists with limited experience. [20] The fibrous septa and bile ductules may sometimes mimic cirrhosis, which is an unlikely diagnosis at this age group. HB and FL-HCC are the most common differentials of FNH and differentiating fetal type HB from FNH on a trucut biopsy alone can be quite difficult. Both these entities show similar histological features like absence of portal tracts, mitosis or nuclear atypia. This was possibly the very problem encountered in the second case by the pathologists of the different institute. Immunohistochemical staining with beta catenin may help in these cases, as the strong nuclear immunostaining characteristic of HB is not seen in FNH. Glutamine synthetase is an important immunostain for diagnosis of FNH, which shows characteristic map like positivity with perivenular distribution and thus helps in differentiating it from other proliferating liver masses. The clinicopathological differences between FNH and HB are summarized in Table 1 . [21] [22] [23] Intratumoral necrosis as seen in our second case could be attributed to the two cycles of neoadjuvant chemotherapy administered to the patient based on the diagnosis made on trucut biopsy.
CONCLUSION
We report two cases of FNH in childhood, of which the first case is a 5 month old infant, which is extremely rare. Diagnosis of FNH is often difficult on small biopsies as seen in our second case. FNH needs to be differentiated from other malignant hepatic tumours so that unwarranted neoadjuvant chemotherapy can be avoided. Immunostaining with beta catenin and glutamine synthetase can be helpful to differentiate FNH from HB and other liver SOLs.
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